bpy) (2) (where H 2 dpa = biphenyl-2,2'-dicarboxylic acid, bpy = 2,2'-bipyridine) have been synthesized under hydrothermal conditions and characterized by single crystal X-ray diffraction, spectral method (IR), elemental analysis (EA), powder X-ray diffraction (XRD), electronic spectra (UV-vis), fluorescent in the solid state and thermogravimetric analysis (TGA). Complexes 1-2 crystallizes isomorphously in the Triclinic space group P-1. The π-π stacking interactions and hydrogen-bonds play a vital role in determining the crystal packing and construction of the extended 3-D supramolecular network.
Introduction
In recent years, the low-dimensional coordination polymers have received much attention owing to their intriguing structural features and potential as functional materials different from those of 3-D coordination polymers. [1] [2] [3] [4] Against this background, spectacular examples of supramolecular architectures organized by means of covalent bonds, hydrogen bonds, π-π interactions, or their combination in different ways have been reported. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Hydrogen-bonding and π-π stacking interactions play important roles in the fabrication of the supramolecular architectures. 1,1'-Biphenyl-2,2'-dicarboxylic acid (H 2 dpa) is an effective twisted aromatic dicarboxylate ligand, in which the phenyl rings can rotate around the C-C bond [15] [16] [17] and the multi-carboxylates are capable of functioning as hydrogen bond donors and/or acceptors. 18 The distortion of the diphenyl spacer about the central bond endows dpa a peculiar characterization to link metal ions or metal clusters into macrocycles [17] [18] [19] or helical chains. [20] [21] [22] Meantime, the extended structural motifs can be generated through using chelating ligands to connect these macrocycles. Chelating bipyridine-like ligands such as 1,10-phenanthroline and 2,2'-bipyridine may provide supramolecular recognition sites for π-π stacking interactions to form interesting supramolecular structures. 23, 24 The chemistry of metal-organic molecular architectures of bpy-like and carboxylate ligands has been reviewed.
18
Here, we report two novel binuclear compounds with mixed flexible dpa and rigid bpy ligands. [Cd 2 (Hdpa) 4 (bpy) 2 ] (1) and [Dy 2 (dpa) 2 (bpy) 2 (NO 3 ) 2 (H 2 O) 2 ](bpy) (2) have been synthesized under hydrothermal conditions and characterized by single crystal X-ray diffraction, spectral method (IR), elemental analysis (EA), powder X-ray diffraction (XRD), electronic Spectra (UV-vis), fluorescent in the solid state and thermogravimetric analysis (TGA).
Eeperimental
All chemicals were commercial materials of analytical grade and used without purification. Elemental analysis for C, H, and N was carried out on a Perkin-Elmer 2400 II elemental analyzer. The FT-IR spectrum was obtained on a PE Spectrum One FT-IR Spectrometer Fourier transform infrared spectroscopy in the 4000-400 cm −1 regions, using KBr pellets. Powder X-ray diffraction patterns were obtained using a pinhole camera (Anton Paar) operating with a point focused Ni-filtered Cu Kα radiation in the 2θ range from 5° to 50° with a scan rate of 0.08° per second. The optical properties were analyzed by the UV-vis diffuse reflectance spectroscopy (DRS) using a UV vis spectrophotometer (Cary-500, Varian Co.), in which BaSO 4 was used as the internal standard. Fluorescence spectra were recorded with F-2500 FL Spectrophotometer analyzer. Thermogravimetry analyzer was performed on Perkin-Elmer TG/DTA 6300 thermal analyzer under owing N 2 atmosphere at a heating rate of 10 o C/min in the temperature range 25-1000
, H 2 dpa (0.2422 g, 1 mmol) and 2,2'-bpy (0.0783 g, 0.5 mmol) were dissolved in the mixture of 5 mL N,N-dimethylformamide, 10 mL CH 3 CH 2 OH and 10 mL H 2 O. Then an aqueous solution of sodium hydroxide was added dropwise with stirring to adjust the pH value of the solution being 6. The mixture was kept stirring for 6 h at 74 o C and then filtered. The filtrate was kept at room temperature and a few days later X-ray quality colourless block-shaped single crystals were obtained. The crystals were isolated, washed with water, which were stable in air and insoluble in water and common organic solvents. Crystal Structure Determination. Single crystal of the complex was mounted on glass fibers and measured on a Bruker SMART CCD area detector at 298 K using graphite mono-chromated Mo Kα radiation (λ = 0.71073 Å). Empirical absorption corrections were applied using the SADABS program. 25 The structure was solved by the direct method and refined by full-matrix least squares on F 2 using the SHELXTL program.
26 All non-hydrogen atoms were refined anisotronically. Hydrogen atoms were located by geometric calculations. H atoms for H 2 O molecules were located in different syntheses and rened isotropically [O-H = 0.85 Å, Uiso(H) = 1.2Ueq (carrier atoms of H 2 O)]. The remaining H atoms were positioned geometrically, with C-H = 0.93 Å for aromatic H atoms. A summary of the crystallographic data and structure refinement is shown in Table 1 , selected bond lengths and angles of the complexes are listed in Table 2 .
Further information about the Crystallographic analysis is deposited in the ''Cambridge Crystallographic Data Center'' with registration number CCDC 894204 for 1, CCDC-894205 for 2. These data can be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif, by e-mailing data deposit@ccdc.cam.ac.uk, or by contacting The Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax +44(0)1223-336-033.
Results and Discussion
Crystal Structure Descriptions. The single-crystal X-ray diffraction analysis reveals that the two binuclear complexes both crystallize in the Triclinic system, space group P-1. In Table 1 . Experimental data for complex 1 and 2 Figure 1 ). The binuclear units are further connected through face-to-face π-π stacking between two adjacent bpy and C-H···π between two vertical phenyl ring of dpa. Two adjacent bpy molecules are completely parallel with a interplanar separation of ca. 3.657 Å. And C-H···π interactions distances between the vertical phenyl ring of dpa are 2.841 Å and 3.029 Å. The complex packed into a 3D supramolecular structure along via perfect face-to-face π-π stacking interactions and C-H···π interactions ( Figure 2) .
Single crystal X-ray diffraction analysis shows that the asymmetric unit of 2 consists of two of Dy(III) ions, one chelating bpy, one nitrate, two water molecules, one completely deprotonated dpa 2-anion and half free bpy. As depicted in Figure 3 , the Dy1 ion adopts is coordinated by two nitrogen atoms (N1, N2) from one bpy and two oxygen atoms (O5, O6) from one bidentate nitrate, and two oxygen atoms (O8, O9) from two water molecules as well as three oxygen atoms (O2A, O3, O4) from two different dpa 2-anions at the axial sites. The Dy-O/N bonds lengths vary from (2) 2.248 (4) O (8) (2) 2.375 (7) Dy (1) (4)#1 2.483 (7) Dy (1) IR Spectra. In the IR spectra of two complexes, the strong and broad absorption bands at about 3500-3425 cm −1 are attributed to the symmetric O-H stretching modes. The IR spectra of free ligand shows strong bands of the carboxylate groups at 1685 cm −1 , which can be assigned as the ν(C=O) antisymmetric stretching vibrations. In addition, The COO is coordinated with its asymmetric and symmetric stretching appearing at 1662 and 1393 cm −1 in 1, 1598 and 1312 cm −1 in 2. The shift suggests that the relevant oxygen of the ligand coordinates to metal. XRD Patterns. In order to confirm the phase purity of these polymers, the PXRD patterns were recorded for polymers 1-2, and they were comparable to the corresponding simulated ones calculated from the single-crystal diffraction data ( Figure S1 ), indicating a pure phase of each bulky sample. The differencein reflection intensity between the simulated and experimental patterns is due to acertain degree of preferred orientation of the powder samples during data collection.
Electronic Spectra. Figure 5 shows the Uv-vis spectra of the two complexes. In the solid UV spectra of complex 1 and complex 2, the strong absorptions at 319 and 290 nm, respectively.
The intraligand bands are sufficiently intense to mask a π-π* transitions including ligand-centered and metal-ligand charge transfer. Hence, the solid state photoluminescence properties of Cd(II) polymers 1-2 were investigated at room temperature ( Figure  7 ) under the same experimental conditions. In the solid state, strong photoluminescence emission bands at 359 nm (λ ex = 307 nm), 358 nm (λ ex = 253 nm), 383 nm (λ ex = 272 nm) are observed for H 2 dpa and complexes 1-2. The fluorescent emissions in the coordination polymers weaker than the ligand may be proposed to result from the coordination of H 2 dpa to the metal atoms. It is proved by the similar fluorescent emission bands of the ligand and complexes.
Thermal Analysis. Thermogravimetric analyses show that compounds 1-2 has a low thermal stability as illustrated by Figure 7 . There is no obvious weight loss before 254 o C in the TG curve of compound 1. Beyond this temperature, two indiscerptible processes with a total weight loss of 87.05% corresponding to the combustion of bpy (calcd.
23.99%) and Hdpa
-(calcd. 64.24%) was observed. As there are some water molecules in the crystal of compound 2 compared to 1, it shows lower thermal stability owing to the facile release of water molecules from the framework. As to the less stable compound 2 in this work, it can be stable up to 90 o C. Beyond this temperature, the loss of water began and was completed at 150 o C with a weight loss of 2.63% (calcd. 2.45%). Beyond 270 o C, three indiscerptible processes with a total weight loss of 74.89% corresponding to the combustion of NO 3 -(calcd. 8.44%), bpy (calcd. 31.87%) and dpa 2-(calcd. 29.41%) was observed.
Conclusions
In this work, we report the synthesis and characterization of complexes [Cd 2 (Hdpa) 4 (bpy) 2 ] and [Dy 2 (dpa) 2 (bpy) 2 (NO 3 ) 2 -(H 2 O) 2 ](bpy) by single crystal X-ray diffraction, spectral method (IR), elemental analysis, powder X-ray diffraction (XRD), electronic Spectra (UV-vis), fluorescent properties and thermogravimetric analysis. The successful preparation of the complexes manifest that the conformations and functions of π-π stacking interactions and hydrogen bonds are important factors in influencing the architecture of metal-pda complexes. Luminescent measurements reveal that compounds 1-2 are good candidates for photoactive materials owing to their strong luminescent emissions. Figure 7 . The TG curves of two complexes.
